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Absiract

A 100-mA., 2.07-McV Radio-Frequency Quadrupole (REFQ
[ID) has been commissioned and operated routinely on the
Accelerator Test Stand (ATS) {11 at Los Alamos National
Laboratory. ‘To charactenize the RIFQ output beam drnamics,
measurements were made of the beam transmission and of the
ransverse and longitudinal phase-space distnibutions. Data
were taken for different REQ 1Y operating conditions and
compare d to simulations,

L INTRODUCTION

The ATS expenmental progrimm had the objective of
comparing measured pertonmance of an aceelerating stucture o
predicted perfomnance. The evaluation was made by companng
measured and predicied beam transmission, posinon and angle
centroids, energy and phase centroids, and transverse and
longiudinal phase-space distributions,  REFQ T wa the third
REQ tn a series of REQs {2,3] © be tested on the ATS,
Pertinent REQ T design pearameters: trequency is 425 Mity,
number of cells 1s 358, length ax 289.23 ¢m, design vane
potential s TH KV, average radias s 04047 cm, inal radias
v 0278 cm, final modutation as 183, initial synchronous
phase is 90 | final synchronous phise is =307, pesk surface
fickd w327 MV/m, nommal current fumt s 167 mA, and
design acceptance at 100 mA s 0232 © cm-mradhan - Thas
papwr presents the REQ T commussionming, resulis,

Il EXPERIMENTAL TECHNIQUIE

The Homput beam o the REQ was obtiuned from the
ATS, 100 keV source and aceclerating column [4]. A low
cocrgy, beam-transport secton (0 ERT) followed the column,
Fhe LEBT consisted of four pecmancat magnet quadrupoles
(PMOs) and two clectronugncet horzontal and vervcal steerers
Fhe PMOs could e moved adong the beam axts . Movaag the
PMOS vanned the mput match o the REQ The REOQ was
operated ata low duty tactor (002 9%)

Fhe expenmental objective was to oty chinactenize the
owtput bewn ot the REQ o allow tor o detaled comparison to
the smlation codes Toswlueve s end, the ontpat beamn
cuttent, beamn tansanmes ston, aind tmsveee and longatadinal
phiase space disinbunions were measieed tor s vaniety ot REQ
operiimy conditions

Dhiapnostics tor these measarements andladed broad band
totoudy tcurrent and tansmssiony, o LERE Fandiny cap
touttent), an clede sweep enattanee soanner wthe RIS
fwo panes of sht collectoes drmssverse conttance), 1 aser

*Wank supported and fonded by the TS Brepactanent of Diefense
Ay Steatepre Detense Command under the agnces of the Uy
Depattaent of Fonerys

Induced Neutralization Diagnostic Approach (LINDA) [6]
(longitudinal emittance), a momentum  spectrometer
{momentum centroid and spread), and an x-ray detector (7]
(REQ rf field).

II. EXPERIMENTAL RESULTS

I'he REQ vane potenttal is the only adjustable variable of
the REFQ. It affects the transverse and longiadaud focusing of
the beam. The REFQ vane potential was determined from end
point measurements of the x-ray energy spectrum generated by
electrons accelerated across the vane gap [7]. The x-ray energy
spectra were measured versus cavity 1if power and used to
calibrate rf pickup loops in the REQ. The pickup loops were
used o set the REQ vane potenual The REQ operating
voltage range was 95 to 138 kV.
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dependence as the data. The magnitude of the incasured high
current transmission never exceeded ~85%, whereas
simulations  predict ~90%  wransmission.  Typically  the
measured transmission was 65% (0 70% due 10 a beam
mismatch at the REFQ entrance. The transmission knee oceurs
at a vane potential of 128 kV rather than the design value of
11 kV.

The beam momentum was measured with a foensing
spectrometer that consisted of two gquadrupoles, primarily for
vertical containment, and a horizontal 60° bending magnet
with circular pole tips [3]. At the dessgn vane potentiad the
beam had the predicied energy ol 207 MeV.
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Fagure 20 Measimed and sanuobisted trnsverse cimitances versus
nomalized vine potentiad 'V for 78% ol the beam V,, cquals
12X KV, Honzontal and veroeal dati e showa,

The vatpat REQ ransvese phase space distibation: wis
measued versus vine potential - Fhe plise space distnibutions
totzantal and vercaly were measmaed with a stukkand shit and
collecton techigue |8 The tms notmalized cuntianees were
measuied tor the vertcad and bonzontal pliawes The REQ
mpat bem wins natched i atb cises bpare 2 shows daa
stmulations The data sets correspond to measurements nade
o ditterent divs The scatier i the dato paves the o paeal day
to i aeproducibihity of the beame The measuement croon
wits Y o KO0 with bachprourad suhtvactuon heinyp the dommang
compaotient  The sprecment bedsween data and sunulitions wis
better we the verneal plane than e the hoozomal e both
phmes, the emittance (thtons ottt ot 11O RV whie b
consistent with the desigen viloe of BE KV bt mconseaeng
with e tassmsston iesalts

Fhe measued Comant Sivdes (N patameters were

companed o sunalaons The data e showonm by V0 The

data sets correspond to measurements from difterent days.
There was gquaditative agreement between datiand simulitions
as the vane potential was vaned. For REQ 1 the agreement
was good [1]. The discrepancy for REFQ LT probably is due (o
differences between the as-buill and as-designed REQ, which
have not been incorporated imo ihe stnuiation:. A
determination of these discrepancies will require off-line checks
of RFQ 11T at a future date.
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Figute 3. Honzontal and veroneal CS pacimeters versus REQ)
HT vane potential tor 78% ol the beam The artows andicate

the durccton ol mcrcasimg vane polcidal,

Frpute 4 shows the vertical phise-space distnbutions tor
dativand simulations. Fhe paatlelopram shapes ai lowei vane
potentials e due o olf encrpy panticles.
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The REQ output transverse phasc-space distribution wis
measured versus the match of the input beun For lLarpe
varigtions i the input mismateh tactor [9) (e, the shape
of the input beam), the output CS parameters and enuttance
remained nearly constant agreeing with simulations. The
beam transimission varied with the mput mateh resutung an
decreased beam brighiness tor large mismatches.

Longitudinal phase-space distributions were measured
using the LINDA wchmque [6]. The measured and simulated
distnbutions appear similar (Fig. 5), but the measured
cmittance 1s ~60% of the simulated emmttance (g, 6) ‘The
difterence s many times the uncertainty i the daty which s
estimated o be ~5% 0 This difterence between the data and
simulations s not understood, bat a likely explanaton s the
difterence between the as-buitt and as-designed REQ. For the
GTA REQ. there was pood agrecment with data and
simulanions [HO] giving contidence sn the imcasuremein
technygue and simulations codes. For power levels <120 kV
the longitudinal phase-space distributions begin 1o change
from ciliptical to crescent-shaped (Figs S0 The change s
caused by ott-cnergy particles. These data indicate that REQ)
HE should be operated at 128 KV rather than the design value of
I kv

e . ]
1 N -
Mo AL T
» VLTS T o by
k(:_j LTINS S N&‘\:‘.. 40k
. ‘ - 7.

N ‘

b"""‘-w D TP “: .
)

e Y b Ly
- N .
:: :‘.' AR A
-\"\
vy, ey

Fa)
..N~
\ “?‘
f?‘\‘:‘:.\
\a.
. o
L HTRN
ll)nm] oy
nt !
Figwre S Measmed and sunulited Joogatuchiad phase space
distibutions versus vane potential
Capernentacand aoalated Longtado el b oiar e
h e tians o REL T iana IV e

Yo ation

3

.
N
.

Lerrat
* M.

SN

. - fn s s o
Vane Potental (b VS
Bipate 6 The ine Tonptadinal conttance oy

tata and

snnbation voras vane potentnal

IV, SUMMARY AND CONCLUSIONS

REQ HE was successtully commissioned and operated routinely
and reliably. The REQ pertormance was fargely as expected.
The longitudinal-emittance discrepancy between data and
simulations 1s not understood but appeans to e real.
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